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CIS Instructions 



The attached document is an update of the CIS specification. The only 
change is that all of the Instructions are now specified to be EXTEND 
Instructions, This change was made to improve perfortnance on JUPITER, 

Many of the Instructions in this specification could only be used by 
CD80L if 9-bit ASCII were supported. There is currently no plan for 

COBOL to support 9-Oit ASCII, 

Some of the instructions in this specification could be used by COBOL 
to Improve pacKed decimal and EBCDIC performance. Those instructions 
are: 

MOVP 

AODP 

CHOP 

CMPP 

CVTPa 

CVTBP 

SUBP 

CVTEP 

CVTPE 

MOVC 

CMPC 

ASHP 
Please note that appendix B of the specification specifies extensions 
to be made to the Bis instruction set. These extensions can oe 
utilized by COBOL regardless of whether 9-blt ASCII is supported. 
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1,0 MOTIVATION AND GOALS 

The commercial Instructions being proposed are designed to make COBOL 
Object code run fast. This goal was of primary importance in defining 
tne instructions. The COBOL performance reguired can not be achieved 
by simply speeding up the -10 BIS because of the setup overhead and 
generality of those Instructions, 

other goals that were taicen into consideration were consistency with 
the rest of the KHO-model 8 architecture and applicability to other 
languages. 

Our primary interest was in the potential performance of these 
instructions on new machines, it was also important that the 
instructions improve COBOL performance on KL-IO model B machines. 



2.0 OVERVIEW 

These new instructions are tied to a general software shift to 9-bit 
bytes, with inclusion of a pactced decimal (2 digits/byte) data type, 

Tne instructions being proposed fall into two classes: 

1, Character string manipulation instructions, which manipulate 
strings of 9-blt bytes. 

2. Decimal arithmetic instructions (both for numbers represented 
in 9-bit display format and for numbers represented in paclced 
decimal format) 

In general the instructions being proposed taKe two operands and 
oerform memory to memory operations, 

A number of addressing modes are available for addressing the operands 
of these instructions. These addressing modes are described in detail 
below. Instructions may be 2,3, or 4 words long depending on the 
addressing modes used for their operands. 

Tne following Instructions are being proposed. They are described in 
detail in sections 6 and 7 below. 

Character String »anipuiatlon Instructions 

MOVC - Move Characters 

CMPC - Compare Characters 

MOVCV - Move Characters variable length 

CMPCV - Compare Characters Variable length 

Numeric Dlsolay (Trailing overpunch) Instructions 



*♦ COMPANY CONFIDENTIAL «* 



DO NOT DUPLICATE 



Paqe 4 



CMPND - Compare Numeric Display 

ADDND • Add Numeric Display 

SUBND -> Subtract Numeric Display 

MOVND - Move Numeric Display 

ASHND - Arithmetic Shift Numeric Display 

CVTNDB « Convert Numeric Display to Binary 

CVT8ND - Convert Binary to Numeric Display 

TLGLND - Test for Legal Numeric Display 



Pactced Decimal Instructions 

CMPP • Compare Paclced 

ADDP - Add Packed 

SUBP - Subtract Packed 

MQVP - Move Packed 

ASHP • Arithmetic Shift Packed 

CHOP • Clear high order packed 

CVTPB • Convert Packed to Binary 

CVTBP - Convert Binary to Packed 

CVTNOP - Convert Numeric Display to Packed 

CVTPND - Convert Packed to Numeric Display 

CVTEP - Convert EBCDIC numeric display to Packed 

CVTPE - Convert Packed to EBCDIC numeric display 

TLGLP - Test for legal packed decimal 



The Instructions listed above are 
Instruction Set") instructions. 



referred to as CIS ("Commercial 



These complement some of the less time-critical BIS Instructions that 
will still be used, such as EDIT and MOVST (which does cnaracter set 
conversion), A number of extensions will be made to the BIS 
Instructions, These extensions are described in appendix B, 
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3.0 EFFECTIVE ADDRESS CALCULATION FOR 9-BIT BYTES 

3.1 Goals For The Address Calculation Scneme 

The following goals *ere taken into consideration when deriving an 
addressing scheme for addressing 9-toit byte strings: 

1, It must be possible to address all of virtual memory 

2, Simple addressing operations within a single section should 
worK without Indexing or base registers or execution of extra 
instructions to perform address calculation 

3, There should be a simple representation that can be used to 
describe the location of a parameter or a dynamically 
allocated string anywhere in the virtual address space. 

4, Singly subscripted array references to character strings 
Should run as fast as possible 

5, References to elements in multi-dimensional character string 
arrays should be "straightforward" 

6, The scheme used should be consistent with the effective 
addressing rules used by the existing instruction set, (This 
is important for performance reasons, DOLPHIN has hardware 
that calculates etn effective address from the I,X, and Y 
fields of every instruction before the opcode is decoded. 
These instructions should taice advantage of that calculation 
if possible, ) 

7, we Should allow for future expansion. 



3,2 Addressing Modes 

The instructions address byte strings on their leftmost byte. 

The address of a 9-blt byte Is composed of the followings 

1. The 30-blt virtual address of tne word that contains the byte 

2. The 2-blt byte offset within the word. The leftmost byte 
within a word is byte 0, the next is byte 1, etc 

The values of these two components may oe specified in a number of 
different ways which are described below. 

An operand that refers to a 9-bit byte string may be either one or two 
words long. The first word of each operand has the following format: 
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8 9 10 1112 U 14 17 18 35 

1 XXXXX iMiOHJX • y """"i 

Bits 0-8 are never part of trie operand, (The bits preceding the first 
operand of an instruction contain the opcode. The bits preceding the 
second operand are used as length fields. Their interpretation is 
different for different opcodes and is described under each individual 
instruction, ) 

A 30-bit word address is always calculated from i,x and y in the same 
way as for all other POP-10 instructions, we will refer to this 
address as £, 

There are a number of addressing nuodes that are specified by the 
values in m and 0, 



3.2,1 Direct Mode • 

This addressing node is used for all operands whose addresses are 
icnown at compile time. For C080L-79, this includes all scaiars except 
for subroutine parameters. 

The word address of the byte is tne effective address calculated from 
I,X, and y. The byte offset is equal to the value in the Q field. 

This mode is indicated by a in the M field. 



3.2,2 Deferred Mode - 

This addressing i»ode is used for operands whose addresses are not 
known at compile time, such as parameters or strings in dynamically 
allocated storage. 

The contents of the location addressed by l,X, and Y are interpreted 
as a 32-bit byte address. Bits 4-33 of this word specify a 30-bit 
global word address. Sits 34-35 of this word specify a byte offset. 
Bits 0-3 of this word must be zero. If they are not, an MUUO trap 
will occur. 

This mode is indicated by a 1 in the m field and a in the field. 
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3,2,3 Direct Subscripted Mode • 

This mode Is used for addressing elements of 1-dlmensional arrays 
wnose base addresses are known at compile time. 

The value of E and the contents of the field specify the base 
address of ^n array. As in "direct mode", the word address of the 
base of the array is equal to E and Its byte position is specified by 

0, 

The next word in the instruction stream is also used in specifying the 
operand. It has the format: 

1 12 13 14 17 18 35 

iOl ELEM SIZE 1121 X2 ! ¥2 ! 



Bits 1-12 specify the size of an array element in bytes. 

Let E2 be the word address calculated from 12, X2, and Y2, The word 
addressed by E2 contains a subscript. This subscript may be any 
signed 36 bit binary number. 

The instructions assume that the base address specified by E and is 
the address of element 1 of the array. They compute a oyte offset 
into the array using the formula: 

( Contents of(E2) - 1 ) * ELEM SIZE 

The byte offset calculated is added to the byte address of the base of 
the array. This address calculation can cross section boundaries, 
regardless of whether the base address of the array was local or 
global. 

Bit of the second word is reserved and must be zero. If it is set 
the Instruction Is aborted and an MUUO trap occurs. 

The compiler can handle multiple subscripts, items greater than 4095 
bytes, etc by generating code tnat computes the byte offset and having 
E2 point to that computed offset. The ELEMENT SIZE field should then 
be 1, 

The Instructions do not perform any range checieing on subscripts, if 
range checking of subscripts Is desired, a compiler must insert code 
to do this range checking before tne Instruction that references an 
array element. 

The subscript address may be either local or global. It is legal to 
refer to an AC C except AC ) as a subscript, and that AC may be 
specified as eltner a local address I - 17, or a global address 1-17 
in section i. If the subscript address is AC 0, results are 
Indeterminate, 
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This mode is indicated by a 2 in the M field, 

3.2.4 Deferred Subscripted Mode - 

This mode is used for addressing elements of arrays when the base 
address of the array is not Known at compile tin»e (eg arrays that are 
parameters or are allocated in dynamic storage). 

In this case the word addressed by E contains a 32-bit byte address of 
the base of the array. This byte address has the same format as is 
used in "deferred mode". 

As in direct subscripted mode, the next word in the instruction stream 
is used to specify the element size and tne location of the subscript. 

Note that the element size is a part of the instruction and therefore 
n^ust be icnown at compile time. This is always true for COBOL 
programs. In languages where this is not true, the byte offset for an 
array element must be calculated before the operand is addressed and 
an element size field of i used. 

This mode is indicated by a 1 in the M field and a 2 in the field, 

3.2.5 Immediate Mode - 

"Immediate mode" has two different interpretations, depending on 
Whether the instruction being executed is a character string 
manipulation instruction ( MQVC, CMPC, MOVCV, c«PCV ) or a decimal 
arithmetic Instruction, 

1, For character string manipulation instructions 

in this ease, immediate operands are used to represent 
strings in which all characters are identical, for example a 
string of spaces. 

The operand is a string in which all bytes are identical to 
the 9-bit byte contained in bits 27 - 35 of the effective 
address E calculated from i, x, and Y, 

2, For the decimal arithmetic instructions 

In this case, immediate operands are used to represent small 
integer constants. 

There are two types of decimal arithmetic instructions; 
9-bit display decimal and paciced decimal (see section 7), 
For both type of instructions, an immediate operand consists 
Of the digits contained in bits 18-35 of E with zero fill 
supplied on the left. 
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For 9-blt disDlay decimal Instructions* bits 18-35 of E 
contain 2 decimal digits witn an overpuncned sign, supporting 
numbers in the range -99 to ♦99. For packed decimal 
instructions, they contain 3 decimal digits plus a sign 
nibble, supporting numbers in the range -999 to +999. see 
the sections below on decimal arithmetic. 

The length field associated with a decimal immediate operand 
must always be 2 (this count is a byte count in the packed 
decimal instructions). If it is not 2, the results are 
machine-dependent. 

There are a number of Places where an immediate operand is illegal 
(e.g. as the destination of a move characters instruction). If an 
immediate operand is specified in one of these places, an MUUO trap 
will occur. The Places where immediate operands are illegal are 
specified under the individual instructions. 

This mode is indicated by a 1 in the M field and a I In the field. 



3.2,6 Summary Of Mode Bit Assignments - 



The interpretation of the n and o 
summarized in the following table: 



fields for 9-bit operands is 



M 



Mode 
Direct Mode 



i Byte Position: 
0,1,2, or 3 

I ! 

t ! 1 

I 1 2 

113 



Byte Position: 
0,1,2, or 3 

0,1,2, or 3 



Deferred Mode 

Immediate Mode 

Deferred Subscripted 

Illegal, MUUQ trap will 
occur. 

Direct Subscripted Mode 



Illegal, muuo trap win 
occur. 
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3.3 Examples 

The foUowinq examples all use the movc ("Move Characters") 
instruction which Is described in detail in section 5.1,1. In this 
instruction, bits 0-8 of the second operand contain the number of 
Characters to be moved. 



3,3,1 An Example Of "Olrect Mode" Addressing - 

The following is an example of an instruction that moves a character 
string between a source and destination whose addresses are icnown at 
compiie/linic time. 






8 9 10 1112 13 14 


17 18 




35 


i MOVC 


! • 1 to ! 


t 

• 


2000 


1 
• 


! 7 


I 1 3 iO i 


I 


2S00 

» Ml «* « ^ a Ml fl« «i « at «i W «» «» ' 


! 



This instruction moves a string of 7 9--blt pytes that starts in byte I 

(the second byte) of word 2000 to a destination that starts at byte 3 

(the fourth byte) of word 2500, Both tne source and destinatioh 
addresses are in the same section as the instruction. 



3,3,2 An Examole Of Immediate Addressing - 

The following is an example of an Instruction that fills a character 
string with a character specified by an Immediate operand, 

8 9 10 IU2 13 14 17 18 26 27 35 

1 MOVC ! 1 i 1 10 J i 1 " "'o4o'*"""'I 
i 5 1 J 3 10 i I 2500 " " """I 

This instruction fills a 5 byte string that starts at byte 3 of 
location 2500 with ASCII spaces ( 040 ), 



3,3,3 An Example Of "Direct Subscripted Mode" Addressing - 

The following is an example of an instruction that moves a string 
Which is an element in a table whose base address is Icnown at 
complie/linK time. The destination to which this string is being 
moved is a scalar wnose address is icnown at compile/linic time. 
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Assume that the COBOL declaration for the table referenced is: 

01 TAaLE 

02 TABLE-ELEMENT OCCURS 20 TIMES 
03 TE-1 PIC XC2) 
03 TE-2 PIC )C(7) 
03 RE-3 PIC XC17) 

The following Instruction executes a 
MOVE TE-2(I) TO 



assuming that the table begins at byte 
destination is at byte 3 of location 2500, 



e 9 10 1112 13 14 



17 18 



of yiord 2000 and the 

35 



f 

* 


MOVC I 2 


! 2 


m^mmmmn 

io • 


■ a « «i «• «•'■• fli «• M « 

I 


2000 




iOJ 

mmwm* 


32 




10 1 


J 


6000 


I 




7 i 


1 3 


10 I 


1 


2500 


I 



This instruction moves an element in a table in which each table 
element is 32 (octal) bytes long. Location 6000 contains the subcript 
for the element that is being moved. This subscript is a signed 
binary number. The first occurrence of the field that is being moved 
is at the third byte (byte 2) of word 2000, 

The field being moved is 7 bytes long. The destination is at byte 3 
(the fourth byte) of word 2500, Both the source and destination 
addresses are in the same section as the instruction. 



3,3,4 An Example Of "Direct Mode" Addressing To Another Section - 

The following is an example of an instruction that moves a charcter 

string between a source and a destination whose addresses are icnown at 

compiie/linjc time, where the source and destination are both in 
sections other than the one containing the instruction. 






8 9 10 1112 13 14 


17 18 




35 


J MOVC 


10 11 U I 


• 


lUOO 


I 


J 7 


i • 3 il I 


f 

• 


1001 


{ 



This instruction uses indirect pointers at locations 1000 and 1001 of 
tne section containing the instruction. Assume that the contents of 
tnose locations Iss 
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1000 J 3, ,2000 

1001 : 7, ,2500 

This instruction moves a strina of 7 9-blt Qytes tnat starts In byte 1 
Cthe second byte) of word 2000 In section 3 to a destination tnat 
starts at byte 3 (the fourth oyte) of word 2500 In section 7, 
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4,0 OPCODE ASSIGNiHEHTS 

The CIS instructions will oe executed by means of an EXTEND 
instruction, where the 2, 3, or 4 word CIS instruction is located at 
tne effective address EO of the EXTEND, 

Opcode assignments are: 

Instruction Extend Oocode 



MOVP 


34 


CMPP 


35 


AODP 


36 


SU8P 


37 


CHOP 


40 


ASHP 


41 


TLGLP 


42 


CVTP3 


43 


CVTBP 


44 


CVTEP 


45 


CVTPE 


46 


MOVC 


47 


CMPC 


50 


MOVCV 


51 


CMPCV 


52 


MOVND 


53 


CMPND 


54 


ADDNO 


55 


SUBND 


56 


A5HND 


57 


TLGLND 


60 


CVTNDB 


61 


CVTBND 


62 


CVTNOP 


63 


CVTPND 


64 



(Note that CMPSO and C»«PST which are proposed in aopendix B have 
EXTEND opcodes 32 and 33 respectively,) 
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5.0 GENERAL COMVENTIONS 

5.1 Multi-word Instruction Format 

The new instructions are 2,3, or 4 words long. All words of an 
Instruction must be in the same section. 

It is possible to pertorm an XCT of these instructions. 



5,2 Interrupt Handling 

All of the instructions use AC to store state information during the 
handling of interrupts. Except where noted, the initial contents of 
AC are ignored, and the final contents of AC are 0. 



5.3 MUUO's 

There are a number of illegal forms of the CIS instructions that 
result in MUUO's. All of the conditions that result in MUUO's are 
detected during instruction setup, before data has been destroyed, 

when an Muuo occurs while executing an CIS instruction, bits 15-17 of 
the PC word will indicate how to find the start of the instruction 
that failed. The address of the start of the instruction win be the 
value of PC minus the value in bits 15-17 minus 1, 

If an MUUO occurs wnile executing an XCT or extend of an CIS 
instruction, tne PC will point to the instruction after the XCT or 
EXTEND and bits 15-17 of the PC word will contain 0, 



5,4 Operands In AC's 

In general the CIS instructions will woric for operands that are in 
AC'S other than AC 0, An operand in an AC can be specified by having 
tne "word" part of tne effective address refer to local addresses 1-17 
or global addresses 1-17 in section 1, 

If an operand refers to AC 0, the results are unspecified (they may 
depend on whether or not the Instruction was interrupted, caused a 
oage fail, etc). 
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5,5 Section 



The CIS instructions win work in all sections, including section 0, 

Note that in the subscripted direct and suescripted deferred 
addressing modes, if the base address of an array is in section 0, 
tnen subscripting will wrap around in section ratner than causing a 
reference to section 1. 



5,6 Operations Crossing section Boundaries 

In the subscripted addressing modes, subscripts will always cross 
section ooundaries, regardless of whether the base address of the 
array is local or global. The only exception to this is when the base 
address is In section o. 



Note that a large negative subscript to an 
section 1 may cause a reference to section 0, 



array that starts in 



5,7 Overlapping Operands 

All of these instructions, except ASHP and ASHND, operate on 
non-overlapping operands and on operands that are Identical to each 
other (ie operands that have the same length and base address). The 
character string manipulation instructions also operate on overlapping 
operands in the case where the start of the destination operand 
precedes the start of tne source operand. The instructions do not 
test for overlap, and if illegal overlap exists the result stored in 
tne receiving field is unspecified, 

ASHP and ASHND only operate on non-overlapping operands. If operands 
for ASKP or ASHND overlap or are identical to eachother, the results 
stored in the receiving field are unspecified. 

The Instructions win not work if there is overlap between the 

destination operand and any locations that are used in address 

calculations for the operands. In this case results are 
Indeterminate, 



5,8 Results Of Comparison Operations 

Comparison Instructions compare the first operand to the second 
operand. The result of the comparison is stored in bits 0, 1, and 2 
Of the flag word (Overflow, Carry o, and Carry 1 flags). These bits 
of tne flag word can be tested with JFCL. The comparison results are 
stored as follows: 
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ftlts 0»lf2 meanina 



100 operand l less than operand 2 

010 operand l greater than operand 2 
001 operand i equal to operand 2 

Most of the declfnal arithmetic instructions compare the result value 
v»ith and store the result of tnat comparison (note that is the 
second ooerand) in tne same bits of the flag word. 



5,9 Arithmetic Faults 

A trap 3 will occur when a numeric display or paclced decimal result 
does not fit in the destination field. When this trap occurs, high 
order digits will be truncated, the truncated result will be stored, 
and tne PC will point to the instruction following the one tnat caused 
tne overflow. 

Bits 15-17 of the PC flags word win be used to specify the length of 
the instruction that overflowed. These bits will contain length minus 
one, (Three bits are used to allow for future definition of 
Instructions that are more tnan 4 words long). 

If a trap occurs wnen an XCT or EXTEND of an CIS instruction is 
performed, then the PC will point to the instruction after the XCT and 
bits 15-17 of the PC word will contain 0, 

The pacJced decimal and numeric display instructions (otner than 
compare or test instructions) will always set flags 0-3, and ll and 
12. 

Flags - 2 ( OV, CRYO, CRYl ) indicate the sign of the result ( See 
the orevious section ) 

If the result of a pacleed decimal or numeric display instruction fits 
In the destination, then flag bits 3, 11, and 12 (FOV, FXU, DCK ) are 
set to 000, If it does not, then flag bits 3, 11, and 12 are set to 
100 (le FOV is 1, FXU and DCK are 0). 

'Mote that the numeric, display and paclced decimal comoare instructions 
set flags - 2 to indicate the result of the comparison. They do not 
set flags 3, H, and 12, 



5.10 PXCT 

PXCT of MOVC, CMPC, Movcv, and CMPCV will woric on future machines (not 
on the KL, since none of the instructions can oe executed in the 
monitor on the KU). 
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Tne AC bit assignments for PXCT o£ these Instructions will be 
consistent witn those defined for the EXTEND Instructions, Thus the 
following AC field values will be available: 

AC Field References in Previous Context 

0001 Destination string 

1001 Destination string; and all references made in 

doing the effective address calculation for 

the destination string 
0010 Source string 

1010 Source string; and all references made in 
doing the effective address calculation for 
the source string 

"Oil Source string and destination string 

1011 Source string and destination string; and all 
references made in doing the effective address 
calculations for both source and destination 

In the above table "all references made in doing the effective address 
calculation" includes the pointers used in deferred mode and deferred 
subscripted mode addressing, tne subscripts used in direct subscripted 
mode and deferred subscripted mode addressing, and ail indirect words 
and Index registers referenced. 

For MOVCV and CMPCV, the ACs that specify the string lengths will 
always be in tne monitor address space, 

A PXCT of an CIS instructions other than Move, MOVCV, CMPC, CMPCV will 
have unspecified results. 
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6,0 CHARACTER STRING MANIPULATION INSTRUCTIONS 

Each of these Instructions has two operandsr each of which Is a string 
of 9-bit bytes. The instructions may be used to manipulate any 
Character set that Is stored in 9-blt bytes, 

A length of zero means that the operation will be performed on the 
null string. Note that side effects (such as AC being set to zero) 
will occur when operations are performed on the null string. 



6,1 Fixed Length Character String Manipulation Instructions 

These instructions always deal with equal length strings. Bits 0-8 of 
the second operand of each of tnese Instructions contain the number of 
bytes In the strings being operated on, A maximum string length of 
5U bytes can be handled. 



6,1,1 MOVC (Move Characters) - 

This instruction moves a string of 9-bit characters. 

Its first operand specifies the location of the character string to be 
moved and Its second operand specifies the destination. Bits 0-8 of 
the second operand specify the number of characters to be moved. 

If the first operand of this instruction is an Immediate operand, the'n 
this instruction performs a "fill" operation. That Is, all characters 
of the destination string are set to the character contained in bits 
27-35 of the effective address computed for the first operand, (See 
the discussion of immediate operands in section 3) Note that a 
variable fill character may ee specified by using indexing or 
Indirection in the immediate operand. 

It is illegal for tne second operand of this instruction to be an 
immediate operand. 



6,1,2 CMPC (Compare Characters) - 

This Instruction compares two eguai length character strings. The 
result of the comparison is stored in tne flag word (see section 5.8), 

The two operands of this Instruction specify the character strings to 
be compared. Either ( or both ) of these operands may be an immediate 
operand, representing a string in which all characters are identical 
to the character contained in bits 27-35 of the effective address 
computed for tnat operand. 
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Bits 0-8 of the second operand ot this Instruction specify the number 
of Characters to be compared. If this length field Is zero, then the 
result of the comparison is "equal". 

The character strings are compared according to their binary values, 
with each byte treated as a 9-blt unsigned binary quantity. 

The result of the comparison is stored in the flag word as described 
in section 5,8, 

At completion, the contents of AC is the number of initial 
characters that are equal. For example, if the the first characters 
of the strings differ, AC contains 0; if the strings are Identical 
AC contains the value of the LENGTH field. 

Note that this Instruction can be used to scan over all Initial 
occurrances of a particular character. If one of the operands of this 
Instruction is an immediate operand, then, at completion, the contents 
of AC is the number of initial characters in the otner operand that 
are equal to the Immediate character. For example. If the the first 
character of the other operand is not equal to the specified 
Character, AC contains o; If the other operand is entirely composed 
of the specified character, AC o contains the value of the LENGTH 
field. 



6,2 Variable Length Character String Manipulation Instructions 

These Instructions are identical to the character string manipulation 
Instructions described above except tnat the lengths of the strings 
are specified in AC'S rather than in the instructions themselves. 
Also, these instructions can operate on strings of different lengths. 

Bits 1-4 and bits 5-8 of the second operand of each of these 
instructions specify AC'S which contain the lengths of each of the 
operands. Bits 4-35 of each of these AC'S specify a string lengtn 
between ( the null string ) and 2**28 - I (the maximum number that 
can fit In the 27 bits in AC that are available for storing state 
Information when an interrupt occurs), A length outside of this range 
is an error condition which results in an muuo, 

^nan operations are performed on strings of different lengths, it is 
assumed that the shorter string is left justified and padded on the 
right. The pad character to be used is specified in the following 
way: 

1. If Sit of the second operand of the instruction is 0, then 
the pad character is ASCII bianic (040), Both FORTRAN and 
COBOL specify that padding with bianics should be used, 

2, If bit of the second operand is 1, then the oad character 
is specified by bits 27-35 of AC 0, One use of this feature 
will be for EBCDIC blanics in COBOL programs. 
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These Instructions will be useful In COBOL for programs containing 
reference modification (le specification of substrings by means of 
subscripts). However this Is a new feature In C080L-79 and is not yet 
used. These instructions are essential for other programming 
languages, such as Fortran, APL, aASIC, and PL/1, in wnlch strings are 
variable length, Tney also win be very useful for D8MS, 



6,2,1 Movcv (Move Characters variable Length) - 

This Instruction moves a string of 9-blt characters. 

Its first operand specifies tne location of the character string to be 
moved and its second operand specifies the destination. 

Bits 0-8 of the second operand of this Instruction are composed of the 
foliowlnn fields: 

14 5 9 

IFJ Al I A2 ! 



Al specifies an AC that contains the length of the character string to 
be moved, A2 specifies an AC that contains the length of the 
destination, Al and A2 may refer to the same AC, The values In Al 
and A2 are not changed by this instruction. 

If the source string is longer than the destination, it will be 
truncated on the right. If the source string Is shorter than the 
destination, it will be stored left justified and padded on the right. 
The pad character to be used is specified in the following way: 

1, If the F bit in the second operand of the instruction is 0, 
then the pad character Is ASCII blanic (040), 

2. If the F bit in the second operand is 1, then the pad 
Character is specified by oits 27«35 of AC 0, 

The first operand of this instruction can be an immediate operand. In 
this case the source string Is composed of identical characters and 
has the length specified by Al, It is Illegal for the second operand 
of this Instruction to be an immediate operand, 

(Note that a destination can be filled with a single character C in 
two different ways: (1) By having a source operand of length 0, with 
C specified as the pad character, (2) By using an immediate operand C 
as the source operand ) 
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6,2,2 CMPCV (Compare Characters Variable Length) - 

This Instruction compares two character strings. The result of the 
comparison is stored in the flag word (see section 5,8), 

The two operands of this instruction specify the strings to be 
compared. 

Bits 0-8 of the second operand of this instruction are composed of the 
following fields: 

1 4 5 8 

JFl Al » A2 I 



Al specifies an AC that contains the length of the first character 
string and A2 specifies an AC that contains the length of tne second 
Character string, Al and A2 may refer to the same AC, The values in 
Al and A2 are not changed by this instruction. 

If the lengths of tne strings differ, the comparison is performed as 
if the Shorter string were left justified and padded on the right. 
The pad character to be used is specified in the following way: 

1, If the F bit in the second operand of the Instruction is 0, 
then the pad character is ASCII blanJc (040). 

2, If the F bit in the second operand is 1, then the pad 
character is specified by Pits 27-35 of AC 0, 

If one of the operands is the null string (ie has length 0), then it 
is treated as a string of all pad characters. 

The character strings are compared according to their binary values, 
with each byte treated as a 9-bit unsigned binary guantity. 

The result of the comparison is stored in the flag word as described 
in section 5,8, 

At completion, the contents of AC is the number of initial 
Characters that are egual. For example, if the the first characters 
of^ the strings differ, AC contains 0; if the strings are identical 
AC contains their length? if the strings are identical except for 
trailing pad characters in the longer string, AC contains the length 
of the longer string. 

Either of the operands of this instruction may be an immediate 
operand. In that case, that operand is composed of Identical 
Characters and has the length specified by the corresponding AC, 
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7,0 DECIMAL ARITHMETIC INSTRUCTIOMS 

The decimal arithmetic instructions come in two groups. One group 
operates on numeric display data, consisting of 9-blt byte strings 
containing ASCII numeric bytes plus an encoded sign. The second group 
of Instructions operates on packed decimal data consisting of 9-blt 
byte strings containing two four bit decimal digits (nibbles) per 
byte, with an algebraic sign encoded in the rightmost nibble. 

Both groups of Instructions have a common instruction format, and a 
similar set of opcodes, 

Most of the decimal arithmetic Instructions have two operands whose 
addresses are represented in the form described In section 3 above. 

Those decimal arithmetic Instructions tnat operate on two byte string 
operands include 2 length fields, each of which Is 4 bits long. Each 
length field contains tne length of the corresponding operand, in 
bytes, A length of zero Is interpreted to mean 16 bytes. Thus they 
can operate on operands of different lengths, up to a maximum of 16 
digits m the case of numeric display data, and 31 digits In the case 
of packed decimal data. 

aoth groups of Instructions provide for arithmetic operations and data 
movement on signed numeric guantltles. The instructions contain a 
sign control bit, S, wnlch governs whether the result Is stored with 
the normal algebraic sign encoding or whether the result is stored 
without a sign, le, 'unsigned*. When a result Is stored without a 
sign, it is. In effect, being stored as an absolute value; on a 
subseguent fetch, the operand Is considered positive. The sign 
encodings are explained In following sections. 

The sign control bit and the lengths of the operands are contained m 
bits 0-8 of the second operand of each instruction. The format of 
these bits Is: 

14 5 8 

iSl LI ! L2 • 



LI and L2 specify the lengths In bytes of the respective operands. 

The S bit governs the storing of the sign encoding. C Zero in the S 
bits Indicates "unsigned"; one indicates "signed", ) 

When lengths are different, operands are right justified with leading 
zeroes. 

All of the instructions interpret minus as identical to plus 0, 
CHOP is the only instruction that will ever generate -0 as a result. 

Illegal numeric digits and Illegal sign encodings are ignored and give 
machine dependent results. The only exception to this Is the TLGLP 
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and TLGLND Instructions^ which test for legal packed decimal and 
numeric display. 

Comparison instructions store the result of the comparison in the flag 
word, bits 0-2 COV, CRYO, CRYl), 

Tne remaining decimal instructions compare the result operand, as 
stored, to and store the result of that comparison in bits - 2 of 
tne flag word. An interuediate result, before it has been stored, is 
subject to possible high order truncation, which can leave the 
remainder egual to and is also subject to having its sign changed 
from negative to positive by action of the S bit. Only after any 
truncation and sign change is tne result compared to 0, 

Ail of the pactced decimal and numeric display instructions that store 
a result C i.e, all except compare or test instructions ) set flags 
3, 11, and 12 (FOV, FXU, DCK ) to indicate whether the result fits in 
the destination word. These flags are set to 000 if the result fits, 
iOO if it does not. 

When the result of a decimal arithmetic operation does not fit in the 
destination a trap 3 will occur, (see section 5.9 aoove). 

Overflow in arithmetic operations leaves a properly truncated result. 
Truncation of high order significant digits during store operations 
stores the low order digits correctly. 



7,1 Numeric Display Instructions 

The numeric display instructions operate on decimal integers that are 
represented as strings of 8-blt ASCII characters, where each character 
Is stored right justified in a 9-bit byte and the leftmost bit of each 
byte is 0, The addresses of numeric display operands are represented 
in the form described in section 3, 

In a numeric display number, the sign is represented by a "trailing 
overpunch". This means that the last byte of the number contains both 
digit and sign information. The overpuncn signs are: 

ASCII 
0-9 
A - I 
J - R 
< 
C 

7 

• 

} 

1 



The numeric display Instructions accept numbers that use any of the 



OCTAL 




VALUE REPRESENTED 




060 - 


071 


+0 TO +9 




101 - 


111 


♦ I TO ■••9 (default 


plus} 


112 - 


122 


-1 TO -9 (default 


minus) 


173 




♦0 (default tO) 




133 




♦0 




077 




♦ 




175 




-0 (default -0) 




135 




-0 




072 




-0 




041 




-0 
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overpunch characters listed above; nowever, the results generated by 
those instructions win always use A to 1 for *i to *9, J to R for -l 
to -9, and { and > for +0 and -0, when the s bit is set to 1, when 
tne s bit is set to 0, ie, 'unsigned', the rightmost byte is stored as 
an ASCII to 9 byte. 

The instructions assume that each 9-bit byte (except for the last 

byte) in eacn operand contains a value in the range octal 060 to 071, 
representing the digits to 9, The instructions ignore the contents 

Of the leftmost 5 bits in each oyte (other tnan the last) of their 

operands. They always set the leftmost 5 bits to OOOU (legal ASCII), 

If the right 4 bits are outside the range OOOO to lOOl the results are 
unspecified. 

The arithmetic operations on numeric display data set bits in the flag 
word to indicate whether the result, as stored, is greater than, less 
tnan, or equal to zero. 

The source operands for these instructions can usually be immediate 
operands (see section 3), In an immediate operand, bits 18 to 35 of 
tne effective address are treated as two 8-bit ASCII characters stored 
in two 9-bit bytes in 'signed format', allowing an immediate value in 
tne range -99 to +99, The length field for an immediate operand must 
always be 2, 



7.1,1 CMPND (Compare Numeric Display) - 

This Instruction compares two numbers represented in numeric display 
form. The result of the comparison is stored in the flag word (see 
section 5,8), It treats plus and minus zero as identical. 

This instruction has two numeric display operands that specify tne 
numbers to be compared. 

Bits 0-8 of the second operand of this instruction contain the fields: 
1 4 5 8 
10! Li i [i2 • 



H is the number of digits in the first number? L2 is the number of 
digits in the second number. 

Either of tne operands of this instruction can be immediate operands. 
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7,1,2 ADDND (Add tumeric Display) - 

This instruction adds two numoers represented in numeric display form. 
The result is left in tne location of tfte second operand, 

TMs instruction comoares the result as stored with and stores the 
result of the comparison in the flag word, 

Tnis instruction has two numeric display operands. it adds that 
values of these two numbers and leaves them in the location of the 
second operand. 

Bits 0-8 of the second operand of this instruction contain the fields: 
1 4 5 8 
iSi LI I L2 i 



LI is the number of digits in the first operand; L2 is the number of 
diqits in the second operand, 

s specifies the sign encoding of the result. 

The first operand of tnis instruction can be an immediate operand. It 
is illegal for the second operand of this instruction to be an 
immediate operand. 



7,1,3 5UBND (Subtract Numeric Display) - 

This instruction subtracts one number represented in numeric display 
form from another. 

This instruction nas two numeric display operands. Its first operand 
is suotracted from its second operand and the result is left in the 
location of the second operand. 

This instruction compares the result as stored with and stores the 
result of tne comparison in the flag word. 

Bits 0-8 of the second operand of this instruction contain the fields? 

1 4 5 a 

!Si LI ! L2 ! 



LI is the numoer of digits in the first number; L2 is the number of 
diciits in the second number, 

S specifies the sign encoding of the result. 
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The first operand of tnis Instruction can oe an imffledlate operand. It 
Is Illegal for the second operand to be an immediate operand. 



7,1,4 MOVND (Move Numeric Display) - 

This Instruction moves a numeric display field. If the destination 
length differs from the source length, the instruction truncates or 
zero fills on tne left end. 

This instruction has two operands whose addresses are represented in 
the form described in section 3, The first operand specifies the 
number to be moved and the second operand specifies its destination. 

Bits 0-8 of the second operand of this instruction contain the fields! 

14 5 8 

ISl Li 1 L2 ! 



LI and L2 are the lengths of the source and destination respectively, 
S specifies the sign encoding of the result. 

This instruction compares the result as stored with and stores the 
result of the comparison in the flag word. 

This instruction will never generate a result of minus 0, For 
example, if -1000 is moved from a 4 digit field to a 3 digit field a 
■♦•000 result Is generated. 

It is illegal for the second operand of this instruction to be an 
Immediate operand. It is legal for the first operand to be immediate. 



7,1,5 ASHND (Arithmetic Shift Numeric Display) - 

This instruction moves a numeric display field, and shifts the digits 
( 9-bit bytes ) to the right or left, truncating or supplying zero 
bytes on either end of the field. The shift amount, supplied in AC 0, 
specifies a byte displacement relative to the right most (low-order) 
byte of the source field. 

This instruction has two operands whose addresses are respresented in 
the form described in section 3, The first operand specifies the 
number to be moved and shifted. The second operand specifies the 
destination. 

Sits 0-B of the second operand of this instruction contain the fields: 
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1 4 5 8 
ISl 111 t ti2 ! 



LI and L2 are the lengths of the source and destination respectively, 
S specifies the sign encoding of the result. 

The shift amount is given In AC as a signed binary integer. A 

positive value causes a left shift or multiply by a power of 10, a 

negative value causes a right shift or divide by a power of 10, At 
tne end of this instruction AC is 0, 

The Shift is performed as If the length of the shift register were the 
longer of the lengths LI and L2. The store is performed according to 
the rules specified for movnd. 

This instruction compares the result as stored with and stores the 
result of the comparison In the flag word. 

The results of this instruction are unspecified if operands overlap or 
are identical to eachother. 

It is Illegal for the second operand of this instruction to be an 
immediate operand. It is legal for the first operand to be immediate. 



7,1,6 TLGLND (Test For Legal Numeric Display) - 

This instruction tests whether a character string contains a legal 
numeric display value and stores the test result in the flag word. 

Its first operand specifies a 9-bit byte string the contents of which 
will be tested. This operand may be one or two words long and has the 
form described in section 3, 

This operand is followed in the Instruction stream by a word of the 
form: 



1 4 5 8 9 12 13 14 17 18 35 

isj LI t J • I • ' r 



LI is the number of digits in the number. 

All 9-blt bytes except the low order byte must contain only numeric 
ASCII bytes C060 for thru 071 for 9), 

When the S bit is set to l, the low order byte is allowed to have all 
legal sign encodings, including 'unsigned' encodings, ie, the ASCII 
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bytes to 9, When the S bit is set to o, only the ASCII bytes thru 
9 are allowed in tne low order byte. 

If all bytes pass tne above tests, bits o, i, and 2 of the flag word 
are set to ooi, if any of the above conditions are not met, bits 0, 
I, and 2 of the flag word are set to ooo. 

It is legal for the numeric display operand to be Immediate, 



7,1,7 cvTNDB (Convert Numeric Olsolay To Binary) - 

This Unstructlon converts a numeric display to a binary integer. The 
result is stored in an AC pair. 

The first operand of this instruction refers to a 9-bit byte string 
that contains tne numeric dlsoiay number to be converted. It has the 
form described in section 3 above and may be either one or two words 
long. It is followed in the instruction stream by a word of the form: 

14 5 8 9 12 13 14 17 18 35 

jsi LI i I AC i I • "o"I 

LI is the numoer of digits in the first operand, 

AC Is an AC pair in which the binary form of the number is stored as a 
10/20 format double integer. This AC must not be AC or AC 17, 

When s Is 0, the result is "unsigned", in this case, the absolute 
value of the number is stored. 

It is legal for the numeric display operand of this Instruction to be 
immediate. 



7,1,8 CVT8ND (Convert Binary To Numeric Display) - 

This instruction converts a oinary integer to numeric display. 

The first word of tnis instruction has the form: 

1 4 5 8 9 12 13 14 17 18 35 

iOPCODS i AC i i i o'l 

AC is the AC pair that contains the binary number to be converted to 
display. This AC must not oe AC or AC 17, After this instruction 
has been executed, AC and AC+1 will contain 0, 
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This word is followed In the instruction stream by an operand that 
refers to the 9-bit byte string in which the numeric display form of 
the number should be stored. This operand may be one or two words 
long and has tne form described in section 3, 

Bits 0-8 of this operand contain the fields? 

1 4 5 8 

iSi i 12 I 



12 Is the number of bytes that should be stored. If the number does 
not fit m the number of bytes specified, high order decimal bytes are 
truncated, 

S specifies tne sign encoding of the result. 

This Instruction compares the result as stored with and stores the 
result of the comparison in the flag word. 

It is illegal for the numeric display operand of this instruction to 
be an immediate operand. 
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7,2 Paclced Decimal Instructions 

The pacKed decltaal instructions operate on numbers stored in pacKed 
decimal format. These numbers are stored as 4 olt digits ("nlboles") # 
Where two nibbles are stored right justified in each 9 bit byte. The 
rightmost nibble ai*ays contains the sign. All other nibbles but the 
rightmost nibble contain a binary Integer in the range to 9. The 
unused bit in eacn 9 bit byte must be zero, on output this bit will 
always be zero. 

The addresses of paclced decimal operands are represented in the form 
described in section 3. This address always refers to the leftmost 
nibble in a byte. There is no way to address the second nibble in a 
byte. 

As With numeric display operations, those Instructions that operate on 
two operands include 2 length fields, each of which is 4 bits long. 
Kach length field contains the number of bytes in the corresponding 
operand. A length of is interpreted as 16 oytes. Thus the 
instructions can operate on operands of different lengths, up to a 
maximum of 16 bytes (31 digits). Only numbers with an odd number of 
dlaits are supported. 

As with numeric display operations, the S bit designates the form in 
which the algebraic sign is encoded in a result field. The sign 
encodings in hex are shown below: 



hex 



meaning 



to 9 illegal 

A ♦ 

B 

C * preferred plus sign 

R • preferred minus sign 

E ♦ 

F + preferred 'unsign' sign 



The result of an arithmetic operation, a conversion operation, or a 
data movement operation contains either the preferred plus or the 
preferred minus sign when the S bit is set to 1 , when the S bit is 
set to the preferred 'unsign* sign is stored. 

The source operands for these instructions can usually be immediate 
operands (see section 3), In an immediate operand, bits 18 to 35 of 
the effective address are treated as two 9-blt bytes. The first of 
these oytes contains 2 paclced decimal digits. The second byte 
contains a digit in the left nibble and a sign encoding in the right 
nibble. Thus the immediate operand loolcs like a paclced decimal number 
with byte length of 2, and can be in the range +999 to •999, 
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7,2,1 CMPP CCorapare Paclced) - 

This instruction compares two numbers represented in packed decimal 
form. The result of the comparison Is stored in the flag word (see 
5,8), It treats plus and minus zero as identical. 

This instruction nas two paclced decimal operands that specify the 
numbers to be compared. 

Bits 0-8 of the second operand of this instruction contain the fieidsj 
14 5 8 
lOi LI i L2 I 



LI is the number of bytes in the first number; L2 is the number of 
bytes in the second number. 

Either of the operands of this instruction can be Immediate operands. 



7,2,2 ADDP (Add PacKed) - 

This instruction adds two numbers represented in pacKed decimal form. 
The result is left in the location of the second operand. 

This instruction has two paclced decimal operands. 

Bits 0-8 of the second operand of this instruction contain the fields: 

14 5 8 

iSi Li I L2 I 



LI is the number of bytes in the first number; L2 the number of bytes 
in the second number, 

s specifies the sign encoding of the result. 

This instruction compares the result as stored with and stores the 
result of the comparison in the flag word. 

The first operand of this instruction can be an immediate operand, it 
Is illegal for the second operand to be an immediate operand. 
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7,2.3 SUBP (Subtract Paciced) - 

This Instruction suotracts one number represented In paciced decimal 
from another. Its first operand Is subtracted from its second operand 
and the result Is left In the location of the second operand. 

This instruction has two paciced decimal operands. 

Bits 0-8 of the second operand of this instruction contain the fields: 

14 5 8 

iSi LI ! L2 • 



LI and L2 are the number of bytes in each operand. 

S specifies the sign encodinq of the result. 

This Instruction compares the result as stored with and stores the 
result of the comparison in the flag word, 

Tne first operand of this instruction can be an immediate operand. It 
is Illegal tor the second operand to be an Immediate operand. 



7,2,4 MOVP (Wove Paciced) - 

This instruction moves a paciced decimal field. If the destination 
length differs from the source length, tne instruction truncates or 
zero fills on the left end. 

This instruction has two operands whose addresses are represented in 
the form described in section 3, The first operand specifies the 
number to be moved and the second operand specifies its destination, 

Sits 0-8 of the second operand of tnis instruction contain the fields: 

14 5 8 

iSJ Ll J L2 J 



H and L2 are the lengths of the source and destination respectively, 

S specifies the sign encoding of the result. 

This instruction compares the result as stored with and stores the 
result of the comparison in the flag word. 

It is Illegal for the second operand of this instruction to be an 
immediate operand. It is legal for the first operand to be immediate. 
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7,2,5 ASHP (Arithmetic Shift Packed) - 

This instruction moves a pacJcei decinai field, and shifts the digits 
(nibbles) to the right or left, truncating or supplying zero digits on 
either end of the field. The shift amount, supplied in AC 0, 
specifies a digit disDiaceroent relative to the right most (low»order) 
digit of the source field. This instruction nas two operands whose 
addresses are respresented in the form described in section 3, The 
first operand specifies the numoer to oe moved and shifted. The 
second operand specifies the destination. 

Sits 0-8 of the second operand of this instruction contain the fields: 

1 4 5 8 

ISi LI I L2 • 



LI and L2 are the lengths of the source and destination respectively, 
in bytes of course. 

The number of digits (not bytesill) to shift is given in AC as a 

signed binary integer, A positive value causes a left shift or 

multiply by a power of 10, A negative value causes a right shift or 
divide by a oower of 10, At the end o^ this instruction AC Is 0, 

The Shift is performed as if the length of the shift register were the 
longer of the lengths LI and L2, The store is performed according to 
the rules specified for MOVP, 

S specifies the sign encoding of the result. 

This instruction compares the result as stored with and stores the 
result of the comparison in the flag word. 

The results of this instruction are unspecified if operands overlap or 
are Identical to eachother. 

It is Illegal for tne second operand of this instruction to be an 
immediate operand. It is legal for the first operand to be immediate. 



7,2,6 TLGLP (Test For Legal Packed Decimal) - 

This Instruction tests whether a character string contains a legal 
packed decimal value and stores the test result In the flag word. 

Its first operand specifies a 9-bit byte string the contents of which 
will be tested. This operand may be one or two words long and nas the 
form described in section 3, 

This operand is followed in the Instruction stream by a word of the 
forms 
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1 4 5 8 9 12 13 14 17 18 35 

JS! LI J J J J J " """ "o I" 

Li is tne number of aytes in the number. 
Ail 9-bit bytes nust contain: 
14 5 8 
' lOJ Ni • N2 i 



In all bytes except the last Ni and N2 must be in the range • 9, In 
the last byte. Ml must be in the range 0-9 and N2 must contain a 
legal sign, when the S bit is set to 1, this sign may be hex A - F, 
When the S bit is 0, this sign must be F, 

If all bytes pass the above tests, bits 0, i, and 2 of the flag word 
are set to ooi. If any of the above conditions are not met, bits 0, 
1, and 2 of the flag word are set to 000, 

It is legal for the packed decimal operand to be immediate. 



7,2,7 CHOP (Clear High Order Packed) - 

This instruction clears the high order nibble (digit) of a packed 
decimal number. It is necessary because the packed decimal 
instructions only handle numbers that have an odd number of digits, 

Tnis instruction has a single operand which has the form described in 
section 3, This operand specifies the packed decimal number in which 
the high order digit win be cleared. 

It is illegal for the operand of this instruction to be an Immediate 
operand. 

The result of this instruction win be -0 when the operand originally 
contained a negative value in which only the first nibble was 
non-zero. For example, CHOP of -lOO gives a -0 result. 



7,2,8 CVTPB (Convert Packed To Binary) - 

This instruction converts a packed decimal to a binary integer. 

The first operand of this instruction refers to a 9-bit oyte string 
tnat contains the packed decimal number to be converted. It has the 
form described in section 3 above and may be either one or two words 
long. It is followed in the instruction stream oy a word of the form; 
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1 4 5 8 9 12 13 14 17 18 35 

•Si LI J 1 AC I J { o"! 

LI Is the number of oytes In the number to be converted, 

AC is an AC pair In *»hlch the binary form of the number Is stored as a 
10/20 format double Integer, This AC must not be AC or AC 17, 

When s is 0, the result is "unsigned". In this case, the absolute 
value of the number is stored. 

It is legal for the source operand of this instruction to be 
immediate. 



7,2,9 CVTBP (Convert Binary To Packed) - 

This instruction converts a binary number to oaciced decimal. 

The first word of this instruction has the formj 

1 4 5 8 9 12 13 14 17 18 35 

lUPCODE ! AC i : i 1 

AC is the AC pair that contains the binary number to be converted to 
oaciced decimal. This AC must not be AC or AC 17, After this 
instruction has been executed, AC and AC+l will contain 0, 

This word is followed in the instruction stream by an operand that 
refers to the 9-oit byte string in wnicn the packed decimal form of 
tne number should be stored. This operand may be one or two words 
long and has the form described in section 3. 

Bits 0-8 of this operand contain the fields: 

1 4 5 8 

!S> i L2 i 



L2 is the number of bytes that win be stored, 

S specifies tne sign encoding of the result. 

This Instruction compares the result as stored with and stores the 
result of the comparison in the flag word. 
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It Is illeqal for the destination operand of this Instruction to be an 
immediate operand. 



7.2,10 CVTNDP (Convert Mumeric Display To Paciced) • 

This instruction converts a number represented in numeric display form 
(see section 6,1 above) to paciced decimal. 

It has two operands which both refer to 9-blt byte strings and have 
the form described In section 3, 

The first operand refers to a 9-blt byte string that contains a number 
in numeric disolay form. The second operand refers to the destination 
in which this instruction will store that number in packed decimal 
form. 

Bits 0-8 of the second operand of this instruction contain the fields; 
14 5 3 
iSl Li ! L2 • 



LI is the number of digits in the numeric display field that is being 

converted, l2 is the number of bytes in the string in which it is 

being stored. If LI is not egual to L2 * 2 - i, left truncation or 
zero fill occurs, 

s specifies the sign encoding of the result. 

This instruction compares the result as stored with and stores the 
result of the comparison in the flag word. 

It is legal Cif not useful) for the source operand to oe an immediate 
operand, it is illegal for tne destination operand to be an immediate 
operand. 



7,2,11 CVTPNO (Convert Packed To Mumeric Display) - 

This instruction converts a number from pacKed decimal form to numeric 
display. 

It has two operands which both refer to 9-bit byte strings and have 
the form described in section 3, 

The first operand refers to a 9-bit byte string that contains a number 
in paciced decimal form. The second operand refers to the destination 
in whicn this instruction will store that number in numeric display 
form. 
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Sits 0-8 of the second operand of this Instruction contain the fields: 
1 4 5 8 
ISi LI i L2 ! 



LI is the numoer of bytes in the paciced decimal string, L2 is the 
numoer of digits in the numeric display field. If L2 does not equal 
LI ♦ 2 - 1, left truncation or zero fill occurs, 

S specifies the sign encoding of the result. 

This instruction compares the result as stored with and stores the 
result of the comparison in the flag word. 

It is legal (if not useful) for the source operand to be an immediate 
operand. It is illegal for the destination operand to be an immediate 
operand. 



7,2,12 CVTEP (Convert EBCDIC Numeric Display To Paciced) • 

This instruction converts a number represented in EBCDIC characters to 
packed decimal. 

The EBCDIC characters are stored as 8 bits right justified in a 9-bit 
byte, EBCDIC characters are divided into a four bit zone and a four 
bit digit. The packing operation consists of extracting only the 
digit bits from each EBCDIC byte and storing them into packed decimal 
nibbles , 

The sign of the packed decimal field is controlled by the S bit. 

When the S bit is 1, the zone bits of the low order EBCDIC byte are 

examined. If the zone bits contain a hex 8 or hex D, a hex is 

stored in the oacked decimal sign nibble. If the zone of the low 

order EBCDIC oyte does not contain either a hex 8 or hex D, a hex c is 
stored in the packed decimal sign nibble, 

When the 3 bit is 0, a hex F is stored in the packed decimal sign 
nibble, regardless of the value of the zone bits in the low order bvte 
of the EBCDIC field, ^ 

This instruction has two operands whicn both refer to 9-oit byte 
strings and have the form described in section 3, 

The first operand refers to a 9-oit byte string that contains a number 
m EBCDIC display form. The second operand refers to the destination 
in which this instruction will store that numoer in packed decimal 
form. 

Bits 0-a of the second operand of this instruction contain the fields: 
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1 4 5 B 
!S! bl ! L2 ! 



LI is the number of dlqits in the EBCDIC field that is being 
converted, L2 is the number of bytes in the string in which it is 
oeinq stored. If LI is not equal to L2 ♦ 2 - 1, left truncation or 
zero fill occurs. 

This instruction compares the result as stored with and stores the 
result of tne comparison in the flag «ord. 

It is legal (if not useful) for the source operand to be an immediate 
operand. It is illegal for the destination operand to be an immediate 
operand. 



7,2,13 CVTPE (Convert Packed To EBCDIC Numeric Display) - 

This instruction converts a number from pactced decimal form to EBCDIC 
form. 

The paciced decimal number is converted to EBCDIC as follows: Each 
pacjced decimal nioble except the sign nibble is moved to the 4«bit 
digit portion of an EBCDIC byte, and the 4-bit zone portion of the 
EBCDIC byte is supplied with a hex f. The zone portion of the low 
order EBCDIC byte is set with a sign as specified by the S bit, 

^hen the S bit is i, the paciced decimal sign nioble is examined and if 
it contains a hex B or hex D, a hex D is stored in tne zone bits of 
the low order EBCDIC byte. If the paciced decimal sign nibble does not 
contain a hex 8 or hex 0, a hex C is stored in the zone portion of the 
low order EBCDIC byte. 

When the S bit is 0, the packed decimal sign nibble is ignored, and 
tne zone portion of the low order EBCDIC byte is supplied with a hex 
F. 

It has two operands which both refer to 9-bit byte strings and have 
the form described in section 3, 

The first operand refers to a 9-bit byte string that contains a number 
in packed decimal form. The second operand refers to the destination 
in Which this instruction will store that number in EBCDIC firm. 

Bits 0-8 of the second operand of tnis instruction contain the fields: 
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1 4 5 8 
:Si LI J L2 » 



LI is the number of bytes In the paciced decimal string, L2 is the 
number of digits in the EBCDIC field. If L2 does not egual LI « 2 - 
1, left truncation or zero fill occurs. 

This instruction compares the result as stored with and stores the 
result of the coniparison in the flag word. 

It is legal (if not useful) for the source operand to be an Immediate 
operand. It is illegal for the destination operand to be an immediate 
operand. 



APPEJIDIX A 

PERFOR.MANCE 



The orlmary motivation for innDleroenting the instructions described 

aoove is to gain substantial improvement in the performance of COBOL 

programs. A primary goal in specifying tne formats of these 
instructions was their potential speed. 

In almost all cases these instructions will be the fastest way to 
oerform the operations that they implement. Software imolementors 
will assume that the only exceptions to this are operations that can 
be performed by full word, half word, or double word move 
instructions. 



APPEMDIX a 
EXTENSIONS TO 8IS INSTRUCTIONS 



Tne architecture committee has approved a number of extensions to the 
BIS instructions. 



B,l EXTENSIONS TO MOVST 

The following extensions will be made to MOVST, These extensions will 
allow MOVST to be used as an efficient way to read records for stream 
format files* 

1, Optional snort translation table 

Bit 9 of EO will be a flag bit that specifies that the 
translation table has entries only for characters - 37, if 
this flag is i, the translation for all characters greater 
than or equal to 40 is specified oy bits - 17 of EO+l, 

If this mode is specified, then function codes wnich specify 
Character substitution ( currently codes 0, 2, 3, 4, 6, 7) 
will result in characters greater than 40 being copied from 
source to destination (i,e. if a short table is used, the 
instruction never substitutes a different character for 
characters >s 40 ) 

2, Optional fill 

Bit 10 of EO will be a flag that specifies that no fill 
Should be performed, 

3, expansion of the function code field. 

The function code field in each translation table entry will 
oe 4 bits Wide (bits - 3 and bits 18 - 21). (Previously 
function codes were 3 bits wide, and there were 4 free bits 
to the right of eacn function code,) 

Documentation will describe function codes as 2 octal digits, 
in which only the left 4 bits are used. Thus the existing 
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function codes, wnicn were previously described by a slnqie 
octal digit, win now be that digit followed by a zero, New 
function codes wm all nave 4 as their 2nd digit, 

4, Function code for "terminate if Ssl, ignore (delete) If SsO" 
Function code 14 will mean "terminate If s s i, ignore 

(delete) if S = O". i^inwre 

5, Function code for "ignore" (delete) character 

Function code 04 will mean "Ignore (delete) this character" 

6, Function code to set S only 

Function code 74 win mean either: 

I. Substitute the specified character and set S to 1 (if a 
long table is being used) 

^' S°*'L^'^* source character and set S to l ( for characters 
>= 40 *hen a short table is being used ) 

Note that currently S cannot be set without also setting m or 

N • 



Mote that the expanded function code field and the new function codes 
rli^ .^""l^l ^° ^^* ^°" ^"^ ^^^'^^ instructions as well as tS mS?s?! 

Imnif^-nJJT'^^S?,'^''^* ^""^ optional fill options will not bi 
Implemented for EDIT and CVTDBT, 



8.2 NEW EXTENOeo COMPARE INSTRUCTIONS 

Two new EXTEND instructions are added to the Instruction set. Thev 

??:nsJaa:n"(C?5sir' rJ^' ?"."' J"''''°^ ^"^ ^"'^^"^ "''"^« 'itn 
str?nit S2«! !? i: J^*" instructions allow comparison of byte 
strings from dissimilar code sets and dissimilar byte sizes without 
moving one or both fields in their entirety to temporary "cations!) 

«^3?n«e°^?K'!' compiler win have to provide the S-bit and 7-blt byte 
FBrni? H..2^\^f* provided in C0B0L.68, as well as the g-bit ASCII and 
EBCDIC byte strings that are needed for compatibility with I8M and 
VAX, rience the potential exists for 2 or 3 dissimilar byte sizes 
pJoSra^'T"' "''"^" ^*^''^"'' '^'" '^ '"* Ih tie same Jb"li 

r:o:!s'^ip"?e?:r'nr ^"^^-^^^°-- ^'« ^^^^^ Instruct JSn' a^ways'^tl.lf 
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The CMPST instruction normally taJces a sKlp return; the non-sieio 

orelJher'one::;;." '" ''"'' Condition is sianailed in the JransJaJioS 
*J t eitner operand* 

I«H/"^r«;!fi^?"%!*''""/''* ''""^'^ °<^ ^^^ comparison as a condition 



r ?«i2rK f"°?? '^^^i "'^^'^ ^"'^ operands, operand I oeinq described by 
a length in AC, and a byte pointer in AC+1, and AC+2. Operand 2 is 
described by a length in AC43, and a byte pointer in Ac;4 and AC+5, 



8,2,1 CMP50 Compare String with Oftset 

Hf? P' '^"^ effective address of the CMPSO instruction, as an offset 
Offset '''ih/r;?/^'' ^' ''* '^"^ operand. The seconi operand ?s no? 
!7^H Zk ^^® "y^®* «'« compared from left to right on each string, 

fJ+? tL ?n!r;f,i*K'^i"'.**''!!!'**'^ ^^ ^^* "^1 '^y^^ stored at EO-^i or 
50+2. The EO+t fill byte is offset by El. At the first inequality, 

IT.r ''!;!^^**':; '^°^''' ^'^•^ ''^^^ posters remam pointing at tSe byt« 
r?fj *ef« *o*»nd unequal and the inequality condition is stored in the 
iif? *w *!!** ^" *'^' *•* below. If no inequality is found, the 
i2nif;?r*°? '^!P' !"?" the longer string is exhausted, ind tne equal 
condition is stored in the Fiaq word and in AC, see bilow, 

I This instruction has EXTEND opcode 32, 



8,2,2 CMPST Compare String »<ith Translation 

JL'i?-i"*!Jr'^!^°" provides a compare facility with two translation 
tables, one for each of the operands, iaj.ation 

This instruction has EXTEND opcode 33, 

El, the effective address of the Cmpst instruction, specifies the 
address of a bloc< of three words. These three words have the form: 
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■ «iM«««a«M«i«4 


17 18 




35 




• * s w ■«§ a a « a < 


TABl 




I 


n ««<■« 




TAB2 






v«wa 




I 


FILL2 


i 



IJfiJ"?/***^. !r® indirect words CIFIW or EFIW) that point to 
translation tables for string I and string 2 respectively. FiLLl and 
respectively! "'' characters to Oe used for string l ani sJrlng f 

^* ^^-°' "o translation is specified for either operand. 

The fill character to be used for both operands 
is contained in EO+i 

If El NOTsO, (El) is the address of the translation taoie for 

operand i 

(El+U is the address of the translation table 
for operand 2 

If either (En=0 or (El + Uso no translation is 
involved for the respective operand. 

5?!k^'^Jk*^^^!'^ '*^^** ^^^ compared from left to right on each string, 
«; rT,,5® .* '''^!f^ string extended by the fin byte specified by fiLLl 
At Jii '.f^.r^*?"^ on Whether the first or second operand Is shorter. 
At the first inequality, the comparison stops, the byte pointers 
remain pointing at the bytes that were found unequal and thi 
ineaua Ity condition is stored in the Flag word and in ?C, see beioS? 
If no inequality is found, the instruction stops when the longej 

word «nH ?n !f ^"«*«2', ^hd the equal condition is stored in the Flag 
word and in AC, see below. •^*«<* 




oSeJanS.*'^*'^"'' ^^ ""^ ''^^"^ translated, the s bit is ignored for that 

woJsTr"*^^^^''" ^^^^^ "^^ ^^*° *** " ^"*^ " ^^^^ ^" *^ °' *^*^' ^* ^" 

Note that the new function codes proposed for MOVST in section A 1 
nT.l\n\ ''???^ ,^°: "t^minate if s = 1, ignore if S = 0", "ignore", 
"set S" ) will all be legal function codes for Cmpst. The short 
translate table option and the no fill option that ari proposed ?or 
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MOVST will not be available for CMPST. 

o2%f?s'*J"?" l°r,t\^ll ?;!^^2,*"^ ^^^^'^ replaces the existing setting 
ot Bits 0, 1, and 2 of the Flag word as follows: 

leaning 



Bits 

0,1,2 



100 

oio 

001 



operand 1 less than operand 2 
operand l greater than operand 2 
operand l egual to operand 2 



Mote that these bits correspond to the Overflow, Carry and Carry l 
bits, and they are tested by the JFCL instruction. The JFCL encodings 
(with new mnemonics) are as follows: nv.uu4.ngs 

Jump on operand i < operand 2 

Jump on operand l <s operand 2 

Jump on operand l > operand 2 

Jump on operand i >= operand 2 

Jump on operand 1 » operand 2 

Jump on operand 1 not = operand 2 

The same encodings are also placed into bits 0, 1, and 2 of AC. Here, 
they may oe tested (without reset) by the following instructions. 

JUMPL Jump on operand 1 < operand 2 
JUMPGE damp on operand l >a operand 2 
TLNN The Choice of mask determines sicip. 



JCCL 


JFCL 


10, 


JCCLE 


JFCL 


12, 


JCCG 


JFCL 


4, 


JCCGE 


JFCL 


e>r 


JCCE 


JFCL 


2, 


JCCN 


JFCL 


14, 



B.3 ADDITIONS TO THE EXTENDED EDIT INSTRUCTION, 



Two new pattern bytes will be added to the EDIT instruction. Both new 
pattern oytes must be followed by a pattern byte which holds a count 
next'"pat?ern%yte.'''^'''*' *'^^" Destination Pointer and rIpeat, RepeaJ 

t^^l' ^!?L^?^^°" ^^ ^^® *<^^' instruction in adjusting the pattern bvte 
number (P8#) is modified for ail pattern bytes. paci^ern oyte 



Ir«h?.2!'*' ?k!5"" "'^*' *^^^ ^"^''^^ "« ^° ^^°i^ codelng around 

in ^SbSl-tJ^ "^ """ i^andleo in naOL. The same problems will exist 



some 
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8,3,1 ADJOP (octal Code 005) 



iSJ!nS ^ next pattern byte as a twos complement number, sign 
B«?n?L ;K/"^,'''' ^^! ^^'^i^^ie^t Of an ADJBP on the destination 

Tii2lti\ ^^* ^^^''"" adjustment of the destination pointer in either 
fiirection. 



Q.3,2 REPEAT (octal Code 006) 

Store the next pattern byte in bits 9 thru 17 of AC and increment P8#. 
cnan.'id arfouo":" ""''' '''^''' ''' incrementing of pb» is 

After the action of the pattern code is complete, but before the 

eJaml^eS ?t %%«r%.''""" '^'* ""'*'"' '^^^^ ' ^° ^^ °* *C Ire 
examined. If they are non-zero, they are decremented, and the 

is increment's .nn l^l^ f'*.'* inhibited. If 9-17 Of AC loniain 0, PbJ 
ih/ fH-^J ? ^ ? ^''* instruction proceeds as currently specified, 

B,4 ADDITION TO THE ADJBP INSTRUCTION, 



...w „w««^ x.ianuwuAwn Mill oe extended so that it will exoand a nn. 
word byte pointer (local form) into a two word byte poln?e? (globaJ 
form) when the local byte pointer is fetched from acrols a slc?Joi 
boundary. This is a general problem, not peculiar to cSbol, "^^^°" 

If an ADJBP instruction is executed in a non-o section it will deliver 

nthJr'tlJfr.K^'' "SJ"'" ^' ""^ ^y^* P«i"^" is fetJSed from a se«IoJ 
other than the section in which the instruction resides, 

In!^"*^^**^^!*'" compares the section number of the PC to the section 
number of the effective address, and if they are unequal, it forced 
the byte pointer to extended format, •'nequax, it torces 

Caution: This makes the number of ACs affected by the instruction 

FS?ther™ore""t/;K/!i1Si"? locations of the instruction and ^he'SatS? 
Furthermore, if the AOJbp is executed via an XCT instruction, the 
results many not be the same as the execution of the AOJBP itself. 



APPENDIX C 
ASSEMBLER NOTATION FOR CIS INSTRUCTIONS 



This is a preliminary proposal for the assembler notation to be used 
tor the CIS Instructions. 



C,l GOALS 

1. Relatively easy to write, 

2. Relatively easy to read, 

3. Relatively easy to put Into the assembler. 

C,2 HOW 10 HANDLE MULTIPLE WORDS 

Each opcode wiu generate only one word of the Instruction, 
succeeding words of tne instruction win each be oenerated by writing 
an additional opcode or Pseudo-op, 



It is not desirable to have a macro with a iarqe numoer of positional 
arguments since it would be very easy to get confused and most of the 
arguments won't be used in the common cases anyway. 



C,3 HOW TO HANDLE MORMAL OPCODES VERSUS EXTENDS 

Each of the new instruction's opcodes will be Predefined in the 



as 
wi 
Ob 



icn ot cne new instruction's opcodes will be Predefined in the 
sembler. If an instruction Is an EXTEND instruction then the user 
11 be required to write the instruction as a literal whlcn is the 
ject Of the EXTEND opcode (i.e., -extend C. ..]"). 
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C.4 HOW TO GENERATE THE SECOND THROUGH NTH WORDS 

As mentioned before each of the additional words of the lona 
instructions begins with its own oseudo-op, T^e avaHabJe pseudoioSs 

1. ,ClLEN(n) - generates n in bits 0-8, AC and IXY are as m 
other instructions, n is assumed to be in the decimal radix, 
bxampies: 

•CILEN(lO) mode,adr 

2. .ClLN2(s/f,nl,n2) - used for decimal instructions. Generates 
s/f in bit 0, nl in bits 1-4, and n2 In bits 5-8. All 
numbers are assumed to be in the decimal radix, 

3. .ClRG2Cs/f ,rl,r2) - used for instructions which accept 
operand lengths in registers. Generates s/f in bit 0, ri in 
?hi%iri:«rf 11 in ''its 5-8. All numbers are assumed to in 
the current radix (i.e., last RADIX pseudo-op), 

4. ,CISi2(n) - generates n in bits 1-12 and zero in bit 0, AC 
field may not be specified. IXY are specified as in other 

iCfi«?f"°"'' *^^ numbers are in the decimal radix. 
Example: 

.CISIZ(IO) iYCXJ 



C,5 SPECIFYING MODE AND OFFSET 

The assembler «iU ';»ave bulltin symbols for each of the modes, 
^n™!^^. ". specified by adding an expression to the mode. This 
combination Is then written as the AC field of the instruction, if 
tne user ommilts the AC field (and the comma which follows it) then 
word aligned direct mode is assumed. The available symbols are: 

^' 'rJSJL, °^r?Aro'"?'^*\/'^'^ ^^"^ Offset; .CIOIR+o, ,CIDIR>1, 
.CIDIR*.2, ,CI0IR+3. If Offset is not added then an offset of 



!*'"LJ^^*®!"^'"*'*' ^^^^ ^* normally done when the user wishes 
to thlnic of the ooerand as an aligned string. Examples: 



wove adr 
MOVC ,CIDIP,adr 
«OVC ,CIDlR+0,adr 
MOVC ,CIDIR+2,adr 

2. .CIDEF - Deferred mode. Example: 
«OVC ,CIOEF,adr 
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3. .CIIMM - Immediate mode. The immediate value is tliien written 
as the IXY field, examples: 

Movc .CIIHM,0C(«A") s string of -A«s. 

ADOND ,CHMH,00CC-12) ; -12, 

4. ,CIDis - Direct subscripted mode. The offset is written as 

H,^ i^l^*^^ ^°^^ C.CIDIS, .CIDIS+O, .CIDIS+i, ,CIDlS-».2, 
• CIDIS-t'J), Examples! 

MOVC .CIDlS,adr 
MOVC ,CIOIS+O,adr 
MOVC .CIDls+3,adr 

5. .CIDFS - Deferred subscrloted mode, Kxaraole: 

MOVC , CIDFS, adr 



C,6 SPECIFYING IMMEDIATE CONSTANTS 
C,6,l Immediate Display Constants 

A macro, .CIDC, is provided wnlcn generates an immediate display 
Examples:' ^^^ ^ single argument whlcn is an ASCII character code. 



«OVC .CIIMM, .CIDCCA") 

*<OVC . CIIMM, .CIDCC.CHNUL) 

«OVC . CIIMM, ,CIDC(,CHTA8) 

MOVC .CIIMM, ,CIDCC" ") 



C,6,2 Immediate Display Decimal Constants 




AODMD . CIIMM,, CI0DCC99, unsigned) ; Unsigned 99. 

AODNO .CIIMM, ,CIDDCCtO) ; +10. 

AODND .CIIMM, ,CIDOC(-10) ; -10. 

ADDNO .CIIMM, ,CID0C(29) ; +29. 
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C,6,3 Immediate Paciced Decimal Constants 

A macro, .CIPOC, Is provided whicn generates an Immediate packed 
decimal constnat. The macro has two arguments, the first is the 
number and may be signed, the second is non-blantc if the constant is 
to be unsigned. The macro will generate the '•preferred* sign. All 
values are assumed to oe in the decimal radix. 



Fixampies: 



ADDP .CIIMM,.CIP0C(99, unsigned) ? Unsigned 99. 

ADDP .CIIMM,,CIPDCC1000J ; -HOO, 

AODP .CIIMM,.CIPDC(-10) ; -10, 

ADDP .CH*IM,,CIP0C(29) ; f29. 



C,7 EXAMPLES 
C,7,l Simple MQVC 

»ioves 20 (decimal) characters located at word address «adrl- to word 
address "adr2*. 

Move .CIDlR,adri 
.CILEN(20) ,CIDIR,adr2 

Since the default mode is direct mode with offset of zero, this case 
is better written as: 

MOVC adrl 
,CILEN(20) adr2 



C,7,2 Simple (but Unaligned) «OVC 

^'?;!?^^°/'^®'^^"'^f^*="^"°*"* beginning at the third byte of adrl to 
adr2 beginning at its second byte, y «* ir* to 

MOVC .CIDIR+2,adrl 
,CILEN(20) ,CIDIR+l,adr2 



C.7.3 MOVC ^ith Deferred Source And Direct Subscripted Destination 

^^^L^?^i'^*f^"'^^i Characters located at the address contained in ad 
to the ith element of the 15 character per element array based at ad 
Where 1 is contained in adri, oaaea at aa 

MOVC .CIDEF,adrl 
,CILEN(15) .CI0IS,adr2 
• ClSIZdS) adr3 



rl 
r2 
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C.7.4 MOVC ^Uh Direct Subscripted source And Deferred Destination 

same as previous example, except that the operands are reversed. 

wove .CIDis,adr2 
.CISIZC15) adr3 
.CILEN(15) DEF,adrl 

C,7,5 MOVC irfith Both Operands Direct Subscripted 

This case occurs when a COBOL user has the record descriptions: 

01 A OCCURS iOO TIMES. 

02 Al PIC XX, 
02 A2 PIC XXX 



and 



01 B OCCURS 200 TIMES, 

02 81 PIC XXXXX 
02 82 PIC XXXX 
02 83 PIC X 



and 



01 I PIC 9(9) COMp, 
01 J PIC 9(9) COMP. 

and attempts to perform the statement: 

MOVE 82(1) TO A2(J), 

The code would be: 

MOVC .CIDI5+l,a+l ; MOVE 82(1) 
.ClSIZ(iO) I ; . , , 
.CILEN(3) .CI0IS+2,A ; TO A2(I) 
.CISIZ(5) J ; . . .. 



C,7,6 Adding Two Packed Decimal Fields 

The first operand is located beginning in the third byte of adrl and 

second tlll\^ IaU »«r? V'"'''^ operand is located beginning in the 
second byte of adr2 and is 3 oytes long 

ADDP .CIDIR+2,adrl 
,CILN2(l,2,3) ,CIDlR-«.l,adr2 
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C.7,7 Simple Convert Packed To Numeric Display 

The first operand is a 2 byte packed decimal number aligned at adri 

ITrl 'iT.lll'r/'' ' ' cnaracter display decimal numS^? aUgnef aJ 
adr2. The slqn of the source field is to be ignored, 

EXTEND f CVTPMO adrl 

.CILN2(0,2,5) adr2 ] 

C,7,8 Variable Length Character Move 

^OVE Ri^LENGTHl 
'*OVE R2,LENGTH2 
!«OVCV SOURCE 
•CIRG2(0,R1,R2) DEST 



C.8 OPEN ISSUES 

1, How to express other than Immediate constants. 

2, Better mnemonic names. 

3, Names for the values of the s/f bit. 
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REVISION HISTORY: 
Revision Changes 
11 



10 



1, Changed opcode assignments for instructions that are 
EXTENDS, (There was a conflict with the opcode 
assignments for extended exponent FORTRAN). 

2, ASHP and ASHND do not wor< for identical source and 
destination (or overlapping source and destination), 

3, CHOP can generate a -0 result, 

4, AC 17 Is an illegal operand for CVTBND, CVtndb, cvtbp, 
CVTPB, Since each of these instructions uses an AC pair 
and specification of AC 17 would result in AC being 
used, 

5, CHOP Of an immediate ooerand is illegal 

6, CVT8P and CVTBMD clear tne AG's that contained the 
source operand. 



1, Fixed erroneous bit numbers for FXU, DCK 

2, Fixed typos 

3, Specified that new mode bits for mqvst also apply to 
CVTD8T and EDIT 



? REVISION HISTORSf page d-2 

1, Specified opcode assignments. 

2, Specified PXCT for character string manipulation 
Instructions, 

3, Specified results of overflow in decimal arithmetic 
operations 

4, Specified results of muuo's that occur during CIS 
instructions 

5, CIS instructions win woric in section 

6, Changed M and o bit assignments for "immediate mode" 
operands 

7, Added sign control option to CVTNDB and CVTPB 

8, Specified MOVST extensions to improve performance when 
reading stream format files 

9, Added TLGLP Instruction 

10, Reworded description of immediate mode operands 

11, Added extensions to the EXTEND instructions which were 
approved in Sep-77 to appendix 8 

12, Added Jack Krupansicy's proposal for assemeier notation 
for these instructions as appendix C 

13, Specified in the arithmetic shift instructions that the 
Shift register nas the length of the longer operand, 

14, Deleted the "otner suggestions" section. This section 
suggested that we add a "string search" instruction at 
some time in the future, MOVST can be used as a search 
instruction; and the short translate taole option of 
MOVST maices it efficient for searching for characters < 
40, 



I, Modified the effective address calculation rules to use 
5 different addressing modesj direct, deferred, direct 
subscripted, deferred subscripted, and immediate. 

Under this addressing scheme all operands that describe 
9-blt oyte strings may be either one or two words long 
and hence instructions may be 2,3 or 4 words long. The 
descriptions of the Individual instructions were changed 
to reflect this. 

The LCG architecture committee and the caB0L-7g project 
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fleiibers considered the problem of character addressing 
at great length and considered a number of different 
addressing schemes before agreeing on tnls one, 

2. Made "immediate" into an ooerand mode and removed the 
"immediate" instructions (FILLC, CMPCI, CMPNDI, AODNDI, 
CMPI, AOOPI). 

3, Reorganized the first part of the document to include 
the goals, overview, addressing, and conventions 
sections. 



1, Specified that when these instructions are imterrupted, 
the PC always points to the first word, 

2, Added the interpretation of the instruction mnemonics 

3, Specified that none of these instructions ever generate 
a -0 result, 

4, Specified that the numeric display instructions always 
set the leftmost 5 bits in each byte of the result to 
legal ASCII (OOOil), 

5, Specified that the shift amount for A5HN0 and ASHP will 
be specified In AC 0, 

6, Specified the CHOP instruction, 

7, Specified that the output from CVTP9 and CVTNOB is a 
double integer, 

8, Removed the FILLCV and CMPCVI instructions (their 
operations can be accomplished by using MOVCV and CMPCV 
with one of the operands egual to the null string) 

9, Specified that the pad character to be used for movcv 
and C«PCV will be soecified in AC if bit of the 2nd 
operand contains a l. Otherwise the pad character is 
ASCII blanic, 

10, Changed tne maximum string length supported by .MOVCV and 
CMPCV to be the maximum number that can fit in 27 bits. 
This is necessary because we decided to use 9 of the 
bits in AC to specify a pad character. This leaves 
only 27 bits for state information if an interrupt 
occurs, 

n. Added an appendix that makes a general statement about 
the performance of these instructions 



^REVISION HISTORY o^«^ _ . 
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12, Updated tne open issues list. 



1, Specified that character string manipulation 
instructions will woric for overlapping operands if the 
start of the destination precedes the start of the 
source, specified that both character string and 
numeric operations will wor< if the 2 operands are 
Identical, 

2, Specified that in the character manipulation functions a 
length field of zero means that the operand is the null 
string, 

3, Reworded the description of the contents of AC at the 
end Of a Character string compare operation, 

4, Specified the character codes to be used In numeric 
display operations, 

5, Specified that -o is always treated as identical to +0, 

6, Changed the specification of immediate numeric operands 
to always use bits 18-35 of the l,x,y calculation. 
Numeric display immediate operands are always 2 digits. 
Packed decimal immediate operands are always 3 digits. 
The length fields corresponding to imroedlate operands 
will always be 2 (rather than 0), 

7, Changed the mnemonics used for Immediate opcodes to end 
in "I" 

8, Specified the variable length character string 
manipulation Instructions, 

9, Modified ASHND and ASHP so that a positive shift count 
means shift left; negative means shift right, 

10, Removed the character set conversion instructions from 
this document. These instructions should oe extend 
instructions and win be documented separately, 

o'e ^P*'=^*ie«^ that results are unspecified if operands 

2, Changed mnemonics to be more li<e VAX and IBM, 

3, Specified the formats of immediate mode operands, 

4, Specified value In AC when CMPC and Cmpic find egual 
strings, s««»* 

5, Specified the result of overflow and illegal data m 
decimal Instructions. 

6, Specified a movsgn (move sign, numeric display) 
Instruction, ^' 
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7, Removed specific unsigned Instructions, and generalized 
all decimal arithmetic instruction formats to include an S 
bit Which governs the sign encoding in the result field, 
a. Generalized ail decimal arithmetic instructions to 
Include two 4»olt length fields, 

9, Specified the bits in the flag word that are set for 
various instructions, (Tested by JFCL) , 

10, Added a movp (move paclced) Instruction, which had been 
overlooked, 

11, Added a ASHNO and ASHP (arithmetic shift, numeric 
display and pacJced), 

12, Added EPACK and EUPACK instructions, which convert 
between EacoiC display format fields and paclced decimal 
fields, 

13, Specified operand formats for CVT79 and CVT97 

4 1, Specified that interrupts will be handled by saving the 
state information in AC 0, 

2, «nen a character string compare is performed, AC is 
set to the character position of the first character where 
the strings differ, 

3, At the end of the other instructions AC is left set to 

, 

3 1, Changed the conventions for overpunched signs to those 
proposed by Peter ConKlin, Jeff Rudy, and Pat White in their 
memo of 31-May78, 
Changes were: 

a. Generated signs for +0 to ••■9 become { and A to I rather 
than being o to 9, This is done for laM compatibility, 

b. The 026 keypunch representations of ? for +0 and : for 
-0 were put oack in, 

c. The 1401 representations of ? for +Q and i for -o were 
added, 

2, Added unsigned operations: addum, adduni, subun. These 
operations are necessary because the output values for the 
numeric display instructions are { to I for +0 to +9, 

2 The length fields for numeric display and packed decimal 
were changed back to contain the length rather than 
length-1. Instead we win let a length of mean 16 digits 
for numeric display; i6 bytes for packed decimal. This 
Change was made because in cases wnere variable length items 
are oeing handled in the future it win oe confusing and 
potentially time consuming to always have to subtract one 
from the length of an item. 

1 1, The order of the ooerands for some of the instructions 
was Changed so that the order is always: source, 
destination. 

Instructions changed were: FILLC, aodmdi, adond, SUBMD. 
CVTBWO, AOOIP, AODP, SUSP, CVTBP 

2, Length fields for packed decimal and numeric display 
instructions win contain length-i. Thus we can handle a 
maximum of 16 (rather than 15) digits for numeric display 
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Paqe d*6 

i.etters tor siqned 1-9 were removed, v.c»aB 

«rJf ^i^'^L?"'"* "" '^•'' "" instructions cannot lie 

jcip -^rs.i-^ ^?„:-- .1-n; .Jir i % r i 

binary numoer in an AC oAir Th» «*— - nanaie a 72 Dit 

numbers that fit in a sin^ip I? ./^f!'"*"'*** "^^^ ^^^^^ 

less) as a soeelal case so t^lt tnJ^^ ''''°" ?^ ^2 digits or 
«i-.^«j Z '»»'«ciaA case SO that tnelr conversion win nnt- k^ 
slowed down by the use of 72 olts, ^""^ersion win not be 

6. rne section called -other suggestions" »;*« »mms.m 
document sone suogestlons that «!„! L added, to 
members of the languages gjoup" **" ""^^^ ""^ ^"" 



